A yellow-pigmented, Gram-stain-negative, motile and rod-shaped bacterium, strain M1A16
The genus Winogradskyella is a monophyletic genus within the Flavobacteriaeae, a family of the phylum Bacteroidetes. The genus was described by Nedashkovskaya et al. [1] based on three species of marine bacteria, Winogradskyella thalassocola (type species), Winogradskyella epiphytica and Winogradskyella eximia. Since that time the genus description was emended several times [2] [3] [4] [5] . Bacteria of the genus are rod-or coccoid-shaped, Gram-stain-negative with a gliding motility, oxidase-positive or -negative, catalasepositive, strictly aerobic or facultatively anaerobic, and form yellow-or orange-pigmented colonies, but do not produce flexirubin pigments. The main cellular fatty acids are straight-chain saturated, branched-chain saturated and unsaturated fatty acids iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 15 : 1 , iso-C 16 : 0 3-OH and iso-C 17 : 0 3-OH. The polar lipid profile comprises phosphatidylethanolamine and one or two unknown aminolipids. The major respiratory quinone is menaquinone MK-6.
At the time of writing, the genus comprised 24 species with validly published names: Winogradskyella rapida [6] , Winogradskyella pacifica [7] , Winogradskyella lutea [3] , Winogradskyella multivorans [8] , Winogradskyella aquimaris [9] , Winogradskyella damuponensis [10] , Winogradskyella psychrotolerans [5] , Winogradskyella litoriviva [11] and Winogradskyella sediminis [12] , all isolated from seawater; Winogradskyella arenosi [13] , Winogradskyella pulchriflava [14] , Winogradskyella litorisediminis [15] and Winogradskyella wandonensis [16] , all isolated from marine sediments; Winogradskyella undariae [17] , Winogradskyella thalassocola [1] , Winogradskyella epiphytica [1] , Winogradskyella eximia [1] , Winogradskyella ulvae [4] , Winogradskyella eckloniae [18] and Winogradskyella jejuensis [19] , all isolated from algae; and Winogradskyella echinorum [20] , Winogradskyella exilis [2] and Winogradskyella crassostreae [21] isolated from marine invertebrates, as well as Winogradskyella poriferorum [22] isolated from the marine sponge Lissodendoryx isodictyalis.
Here we describe a bacterial strain, M1A16 T , which was isolated from a marine sponge of the genus Haliclona. The sponge has been cultured since 2000 in the CEMarin aquaria systems of Justus-Liebig University Giessen, Germany. For cultivation, a sponge fragment was rinsed with autoclaved pure water, cut into small pieces with a sterile scalpel, and mechanically treated in 0.9 % (w/v) NaCl in a Stomacher 80 Biomaster (Seward Laboratory Systems). The obtained cell suspension was serially diluted (up to 10 À4 ) in 0.9 % (w/v) autoclaved NaCl and 100 µl of each dilution were plated on one to tenth diluted M1 agar medium [23] containing per litre: 1 g starch (Roth), 0.4 g yeast extract (Merck), 0.2 g universal peptone (Merck) and 16 g agar. The agar medium was prepared with artificial seawater (ASW; 33 g l
À1
; Reef Crystals -Enriched Blend; Aquarium Systems). After 8 days of aerobic incubation at 25 C, a yellow-pigmented, round colony with smooth edges with a diameter of less than 1 mm had grown on the 10 À2 dilution. Strain M1A16 T was sub-cultured and maintained on marine broth (MB, pH 7.6; Carl Roth) supplemented with 16 g l À1 agar (MA) at 28 C. Good growth occurred after incubation for 2 to 3 days. For long-term storage, cultures grown in M1 broth (at 25 C for 5 days) were supplemented with 20 % (v/v) autoclaved glycerol, and stored at À80
C after shock-freezing in liquid nitrogen. Additionally, some loops of fresh biomass from cultures grown on MA agar at 25 C for 3 days were suspended in sterile Gibco newborn calf serum (NBCS, ThermoFisher Scientific) and stored at À20
C and À80 C for long-term maintenance.
A nearly full-length 16S rRNA gene sequence was generated for phylogenetic analysis. A cell lysate was used as template DNA and was generated from a loop of biomass suspended in sterile, pyrogen-free, hypotonic water (Roth) and exposed to three freezing (À20 C) and thawing (1 min, 100 C) cycles. The 16S rRNA gene was PCR-amplified with the primer system 8F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-ACGGCTACCTTGTTACGACTT-3¢) [24] and sequenced with the Sanger method using primers 27F (5¢-GAGTTTGATCMTGGCTCAG-3¢) and E786F (5¢-GATTAGATACCCTGGTAG-3¢) by LGC Genomics (Berlin, Germany). Partial DNA sequences were manually edited using MEGA 5.2.1 software [25] based on the electropherograms removing ambiguous positions at the 5¢ and 3¢ ends of the sequences. (September 2015) database of the 'All species living tree project' (LTPs) [29] . The 16S rRNA gene sequence of strain M1A16
T and further reference sequences not implemented in the database were aligned with the SILVA Incremental Aligner (SINA; v1.2.11) [30] and added to the database. The final alignment was checked manually based on the secondary structure information of the 16S rRNA. Pairwise sequence similarities were calculated with the ARB neighbour-joining tool, without considering evolutionary models. Phylogenetic trees were reconstructed with the maximum-likelihood method using RAxML version 7.04 [31] with GTR-GAMMA and rapid bootstrap analysis, the maximum-parsimony method using DNAPARS v 3.6 [32] , and the neighbour-joining method using ARB neighbour-joining and the Jukes-Cantor correction [33] . The phylogenetic trees were calculated based on 16S rRNA gene sequences between gene termini 96 and 1417 (according to E. coli rrnB numbering [26] ) and 100 resamplings (bootstrap analysis [34] ).
Phylogenetic analysis showed that strain M1A16
T was placed within the monophyletic cluster of the genus Winogradskyella (Fig. 1) T and the type strain of the next closest related species, W. jejuensis. Biomass of both strains was grown in MB and harvested after 3 days of growth. High molecular weight genomic DNA was extracted by the method of Pitcher et al. [35] . DDH of strain M1A16 T and W. jejuensis CP32 T was performed by the method of Ziemke et al. [36] after the genomic DNA was fragmented by ultra-sonication (Bandelin-Sonopuls GM70). The DDH value was 44.1 % (reciprocal 68.1 %).
The DNA G+C content of strain M1A16
T was determined by the DNA melting temperature method established by Gonzalez and Saiz-Jimenez [37] as described previously [38] . The genomic G+C content of strain M1A16 T was 32.7 mol%, which was in the range of the G+C content reported for other species of the genus Winogradskyella (30.0 to 36 %) [1] [2] [3] [4] [5] 19] . The G+C content of strain M1A16
T was slightly lower than the G+C content reported for W. jejuensis CP32 T (33.3 %) [19] .
Phenotypic characterization of strain M1A16 T was performed in parallel with W. jejuensis CP32 T and W. thalassocola LMG 22492
T (type strain of the type species). Gram staining was performed by the modified Hucker method according to Gerhardt et al. [39] . Cell morphology was determined by light microscopy at Â1000 magnification using glass slides covered with three times washed (each time 20 min in pure water) and autoclaved 2 % (w/v) agar (Becton Dickinson), and scanning electron microscopy. The AxioVision v4.7 (Zeiss) software was used for cell size measurements. Cytochrome oxidase activity was tested with Microbiology Bactident oxidase test strips (Merck), and catalase activity was determined by testing gas bubble formation after dropping a 3 % (v/v) hydrogen peroxide solution onto a fresh culture grown on MA. 
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Muricauda ruestringensis B1 T (AF218782) 100 100 0.10 T within the genus Winogradskyella. The phylogenetic tree was generated in ARB with the maximum-likelihood method (RAxML, GTR-GAMMA, rapid bootstrap analysis) and based on sequence termini 96 and 1417 (numbering according to Brosius et al. [26] ) and 100 replications (bootstrap support). Bootstrap values >70 % are depicted at nodes. Filled circles mark nodes that were also present in the maximumparsimony tree; large circles represent those nodes which were also supported by a high bootstrap value in the maximum-parsimony tree. Type strains of Muricauda flavescens and Muricauda ruestringensis were used as an outgroup. Bar, 0.1 substitutions per nucleotide position.
Bernardet et al. [41] . Substrate degradation activity was tested with MA supplemented with 1 % (w/v) Tweens 20, 40, 60 and 80, 1 % (w/v) casein, 1 % (w/v) starch, and 0.5 % (w/v) CM-cellulose. Clearing zones around and under the colonies determined after 3 days of dark incubation at 25 C indicate substrate degradation. For starch degradation, iodide solution (Lugol's solution) was washed over the colonies to determine the zone of clearance. Activity of DNase was tested using DNase test agar with methyl green (Difco) prepared with ASW.
Growth on different agar media and temperature-dependent growth were tested by spot assay experiments. A loop of fresh biomass (3 days old) was suspended in autoclaved ASW (McFarland 0.5). The cell suspension was serially diluted up to 10 À4 and 5 µl of each dilution was spotted on agar plates, then growth was monitored after incubation for 3, 7 and 9 days. Agar-medium-specific growth was tested at 25 C on CASO agar (Carl Roth), Columbia agar with sheep blood (Oxoid), glycine/arginine agar (G/A), K7 C. Tolerance to NaCl was tested with Zobell medium and medium A according to the methods described by Kim and Oh [19] , and Nedashkovskaya et al. [42] , respectively, but no growth was observed for strain M1A16
T . Salinity-dependent growth was tested at 25 C in tryptic soy bouillon (TS, Becton Dickinson) prepared with ASW and supplemented with 0 to 9 % (w/v) NaCl (0.5 % and 1-9 % in 1 % intervals). pH-dependent growth was tested using MB adjusted to pH values of 4.5 to 11 (in 0.5 pH unit intervals between pH 4.5 and pH 9, and 1.0 pH unit intervals between pH 9 and pH 11). The pH values were adjusted using 1 M HCl and 1 M KOH and stabilized by the addition of 5 mM autoclaved potassium phosphate buffer (for pH 4.5 to 7.5), 5 mM autoclaved Tris-HCl buffer (for pH 8 to 10) and 5 mM CAPS buffer (for pH 11) adjusted to the same pH values. Salinity and pH-dependent growth was tested in 96-well microtitre plates with a final volume of 200 µl. Further physiological tests were performed with API 20 NE and API ZYM test strips (bio-M erieux) as described by the manufacturer's instructions unless otherwise indicated. API 20 NE and API ZYM were inoculated with 3-day-old colonies grown on MA at 28 C suspended in autoclaved ASW to a McFarland standard value of 0.5 and 6.0, respectively (bioM erieux). Panels were analysed after incubation for 7 days at 25 C, except nitrate reduction and indole production (API 20 NE), which were analysed after 48 h. The strains were further characterized phenotypically using the 96-well physiological test panel according to K€ ampfer et al. [43] . The panel was inoculated as described for the API 20 NE. Acid production, carbon substrate assimilation and enzyme activity were analysed after 11 days of growth at 25 C. Cellular pigments were extracted from 5-day-old cultures grown at 25 C on MA in the dark by suspending a loop of the biomass in acetone/ methanol (7 : 2, v/v). After incubation for 14 h in the dark at 4 C, samples were centrifuged for 2 min at 5700 g at 4 C. The supernatant was used for measuring the absorption spectra of the pigments in a 10 mm quartz cuvette using a NanoDrop 2000/2000c spectrophotometer (Thermo Scientific).
Strain M1A16
T was Gram-stain-negative (Fig. S2 ) and rodshaped with a cell size of 1.8±0.3Â0.7±0.1 µm (Fig. 2a) . Network-like structures as reported for the type species W. thalassocola [1] , were not observed for M1A16 T (Fig. 2b) . The strain grew well at 25 C on MA but not on CASO, Columbia agar with sheep blood, G/A agar, K7, LB, MacConkey agar, Malt agar, M65, NA, Nu, DEV, PYE, R2A or TSA (Fig. S3) . Good growth was observed after 3 days between 20 and 32 C, but not at 15 C and below or at 37 C and above (Fig. S4) . Growth was also observed in the presence of 0-6 % (w/v) NaCl supplemented into TS prepared with ASW, and at pH 5.5 to 9. T was positive for 6 out of 21 acid production tests, 16 of 55 carbon source assimilation tests, and 4 out of 12 enzyme activity tests (Table S1 ). Physiological tests performed with the API 20 NE test system were positive for fermentation of glucose and activity of arginine dihydrolase, urease and protease ( Table 1 ). The activities of 9 out of 19 tested enzymes (API ZYM) were positive ( T showed differences in 21 out of 55 carbon source assimilation tests and 7 out of 12 enzyme activity tests, and differences for 6 out of 21 acid production tests as well as for hydrolysis of aesculin. The strains differed in the acid production from adonite, i-inositol, meso-erythritol, and D-mannose and in the assimilation of N-acetyl-D-galactosamine, p-arbutin, melibiose, D-salicin, i-inositol, D-mannitol, putrescine, propionate, adipate, azetalic acid, itaconate, suberate, L-histidine, L-phenylalanine, 3-hydroxybenzoate and DL-3-phenylacetate, and in the enzyme activity test regarding pNP-b-D-glucuronoside, pNP-a-D glucopyranoside, pNP-b-D-glucopyranoside, pNP-phenyl-phosphonate, pNP-phosphate-disodium salt, L-glutamate-g-carboxy pNA, and L-proline-pNA (details are given in Table S1 ). According to the API ZYM test system, the strains differed in the activity of the enzymes esterase (C4), a-chymotrypsin, cystine arylamidase, acid phosphatase and trypsin. Physiological tests performed with the API 20 NE test system resulted in differences in glucose fermentation, arginine dihydrolase, aesculin hydrolase, and nitrate reduction to nitrite (Table 1) T formed orange-pigmented colonies (Fig. S5) . Absorption maxima of cellular pigments extracted in acetone/methanol (7 : 2, v/v) were at 431, 450 and 477 nm for strain M1A16 T , at 452, 473 and 501 nm for W. jejuensis CP32
T , and at 427, 450 and 477 nm for W. thalassocola LMG 22492 T (Fig. S6) . Absorption maxima of cellular pigments reported for type strains of other species of the genus Winogradskyella were at 455 and 480 nm (W. exilis) [2] , and 447 and 449 nm (W. pulchriflava) [14] . No characteristic absorption maxima of carotenoids were detected for W. crassostreae by Park et al. [21] .
Biomass of strain M1A16
T and W. jejuensis CP32 T for fatty acid analysis was grown on MA agar for 72 h at 25 C and harvested at the late exponential growth phase. Extraction of fatty acids from total cell lysates, and fatty acid analysis were performed according to K€ ampfer and Kroppenstedt [44] by the separation of fatty acid methyl esters using gas chromatography (5898A; Hewlett Packard). Peaks were automatically integrated and fatty acid names and percentages were determined with the Sherlock MIDI version 2.1 (TSBA version 4.1). Major cellular fatty acids of strain M1A16
T were iso-C 15 : 1 G (18.1 %), iso-C 15 : 0 (13.7 %), C 16 : 1 !7c (12.9 %), iso-C 17 : 0 3-OH (10.6 %) and iso-C 16 : 0 3-OH (10.2 %) as previously reported for type strains of species of the genus Winogradskyella [19] . Differences in the fatty acid profiles of strain M1A16 T , W. jejuensis CP32 T and W. thalassocola LMG 22492
T together with those of other species of the genus Winogradskyella are listed in Table 2 .
Biomass for polyamine, polar lipid and quinone analyses was produced in 0.45 µm-filtered and autoclaved MB at 25 C. The biomass subjected to polyamine analysis was harvested at the late exponential growth phase. Polyamines were extracted according to Busse and Auling [45] and analysed by HPLC as reported by Busse et al. [46] . The HPLC equipment was described by Stolz et al. [47] . The overall polyamine content was very low, containing cadaverine ]. Quinones and polar lipids were extracted and analysed as described previously [48] [49] [50] . HPLC equipment was described by Stolz et al. [47] . Like its closest phylogenetic relatives, W. T and the type species of the genus W. thalassocola [5, 12, 15, 16] , the quinone system of strain contained predominantly menaquinone MK-6 (99.5 %) but also traces of MK-7 (0.5 %). The polar lipid profile contained the major lipids phosphatidylethanolamine, two unidentified aminolipids (AL1, AL2) and two unidentified lipids (L1, L3) devoid of a detectable functional group. Moderate amounts of unidentified lipid L2 and trace amounts of unidentified lipids L4, L5 and L6 were also detected (Fig. 3) . Lipids corresponding to major lipids of M1A16
T were also shown to be present in W. jejuensis CP32 T [19] , whereas in W. litorisediminis DPS-8 T and W. wandonensis WD-2-2 T only lipids were reported corresponding to lipids L1, L3, phosphatidylethanolamine and aminolipid AL2 [15, 16] .
Based on the polyphasic approach, it was obvious that strain M1A16
T represents a novel species of the genus Winogradskyella, for which the name Winogradskyella haliclonae sp. nov. is proposed. Minimal standards for the description of a member of the family Flavobacteriaceae [41] were considered.
DESCRIPTION OF WINOGRADSKYELLA HALICLONAE SP. NOV.
Winogradskyella haliclonae (ha.li.clo¢nae. N.L. gen. n. haliclonae of Haliclona, isolated from the marine sponge Haliclona sp.).
Gram-stain-negative, rod-shaped with a cell size of 1.8 ±0.3Â0.7±0.1 m. Colonies produced after 3 days on MA at 25 C are circular, shiny and yellow-pigmented with a smooth border. Refrains from building network-like structures. Produces yellow, water-soluble pigments with absorption maxima at 431, 450 and 477 nm after extraction in acetone/methanol T were positive for urease, and gelatin hydrolysis and negative for indole production, b-galactosidase, and assimilation of glucose, arabinose, mannose, N-acetyl-glucosamine, mannitol, maltose, potassium gluconate, adipic acid, malate, trisodium citrate, capric acid and phenylacetic acid (API 20 NE). Enzyme activity was positive for alkaline phosphatase, esterase lipase (C8), leucine arylamidase and valine arylamidase, and negative for lipase (C14), a-galactosidase, b-galactosidase, a-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase (API ZYM). A, strictly aerobic; F, facultatively anaerobic; +, positive; À, negative; W, weakly positive; NA, not available. All strains were rod-shaped, positive for catalase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activity, but negative for H 2 S production. Data in parentheses are taken from Kim and Oh [19] for strain 2, and from Nedashkovskaya et al. [1, 4] for strain 3. Data for strains 4, 5, 6 and 7 are from Nedashkovskaya et al. [1, 4, 12] and Lau et al. [22] . 
Activity of (API ZYM): [19] . †Summed features are groups of two or more fatty acids that could not be separated with the MIDI system. Summed feature 9 comprised C 16 : 0 10-methyl and/or iso-C 17 : 1 !9c.
activity of alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and weak activity of esterase (C4), but negative for enzyme activity of lipase (C14), a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetylb-glucosaminidase, a-mannosidase and a-fucosidase. Polyamine concentrations are very low, with the major components cadaverine, spermidine and sym-homospermidine, and minor amounts of putrescine and spermine. The quinone system contains predominantly menaquinone MK-6 and traces of MK-7. Major polar lipids are phosphatidylethanolamine, two unidentified aminolipids (AL1, AL2) and two unidentified lipids (L1, L3) devoid of a detectable functional group. Moderate amounts of unidentified lipid L2 and trace amounts of unidentified lipids L4, L5 and L6 are present. The fatty acid profile of total cell hydrolysates consists of several branched and hydroxylated fatty acids in equal abundance including iso-C 15 : 1 G, iso-C 15 : 0 , C 16 : 1 !7c, iso-C 17 : 0 3-OH and iso-C 16 : 0 3-OH.
The type strain M1A16 T (=DSM 103138 T =CCM 8681 T =LMG 29588 T =CIP 111091 T ) was isolated from the internal tissue of a marine sponge of the genus Haliclona, which was cultured in the CEMarin aquaria at Justus Liebig University Giessen, Germany. The genomic G+C content of the type strain is 32.7 mol%.
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